P^ii^^^WpJEJAILED DESCRIPTION] 



Page 1 of 17 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

[Industrial Application]This invention relates to specifically becoming a barrier to gas 
permeation and plasma-strengthening-type-depositing a silicon oxide group thin film useful to 
package application on a substrate about a deposit of a silicon oxide group thin film. This 
invention is 07 / continuation of No. 073 or 792 (it cancels now) of No. 07/426,514 and the 
application dated July 15, 1987 of the application dated October 24, 1989 selectively. 
[Description of the Prior Art]Polymer-ization by plasma is common knowledge as art which 
forms a thin film on various substrates. For example, the mixture of Silang is polymer-ized by 
plasma for not following with oxygen, nitrogen oxides, or ammonia, and the silicon oxide film 
has been made to form. However, Silang emits a disagreeable smell, and has a possibility of 
stimulating a breather, and is hypergolicity, and corrosiveness. A certain kind of concern has 
been turned to a deposit of the organic thin film from [ from Silang ] plasma. For example, the 
thing for which the method of forming a thin film is stated to 1983 Schirmer and "solid thin film 
written by YASUDA, and 1 10"171-184 pages from some organic silicon compounds, and a 
silicon group polymer is deposited in it. And oxygen gas is added and plasma polymer-ization 
of tetramethyl JISHIRU oxane by magnetron glow discharge is also described. Thus, the thin 
film made to form still contains a considerable quantity of carbon, although the carbon versus 
silicon ratio is falling as compared with the first organic silicon material. However, in spite of 
condensing the silicon of the thin film, since oxygen is contained in the feeding mixture, the 
adhesive strength of a polymer is poor. The tunic formed into the plasma polymer is made from 
an organic silicon compound, and making the wall (moisture barrier) which does not let 
moisture pass form on a substrate is indicated by by heating a substrate in United States 
patent No. 4,557,946 dated December 10, 1985, and controlling a plasma power level to it. In 
United States patent No. 4,599,678 dated July 8, 1986, organic silicon is used within glow 
discharge, a substrate is heated to the temperature exceeding 50 degreeC, and the tunic of 
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the thin film capacitor is carried out. 

[Problem(s) to be Solved by the lnvention]Generally, at a comparatively low deposit speed, the 
thin film formed from organic silicon was fornied (comparing with sputtering), tends to become 
soft and faded in many cases. It is also a fault for a substrate of a certain kind that a substrate 
must be heated like both the above-mentioned patents. Another problems at the time of using 
an organic silicon compound for a plasma strengthening deposit are change of polymer-ized 
conditions, and that control is lost during a deposit. The traditional method used in order to 
control a plasma process was what is going to supervise electric power, a pressure, and a flow 
and is going to control a process. However, these three variables express an input and do not 
control the thin film under production. As a result, it becomes very complicated to expand the 
scale of such a process, setting the thin film with low transmissivity to a steam like water, 
oxygen, and carbon dioxide to various application - useful . - one of such the application is a 
package of foodstuff. Some thin film is composite of material typically. For example, one layer 
is a flexible (it is (like polyethylene or polypropylene)) polymer, and the tunic of another layer Is 
carried out on this one layer, or it has the same breadth as one layer In many cases, and is 
serving as a barrier layer. A barrier layer can be made substantial based on an organic matter, 
or can be substantially seen as a thing based on an inorganic substance. A minerals barrier 
tunic is inertness typically at an advantageous thing. These minerals tunics can be 
manufactured as a film in the vacuum deposit interior of a room. For example, into a vacuum 
chamber, the thin film complex for a package of an United States patent [ dated May 6, 1969 / 
No. 3,442,686 ] statement evaporates silicon monoxide with an electron beam, and let it be a 
silicon oxide tunic of the range of 0.2 thru/or 2 microns. These minerals tunics are substantially 
described to be continuous. These days, the flexible film for a polymer package which has a 
thin film of a minerals tunic in United States patent No. 4,702,963 dated October 27, 1987 is 
indicated. These minerals tunics are diacid-ized silicon or silicon monoxide, the oxide of 
chromium, tantalum, nickel, molybdenum, or such materials is deposited simultaneously at 
least, and it is referred to as helping to serve as a glue line and also to reduce the 
transmissivity of gas and a steam. The thickness of the layer illustrated is 1000 and 2500 A, 
and is manufactured by the roll tunic device which has a vacuum deposit room. However, the 
oxygen permeation rate characteristics of the barrier tunic by the above-mentioned No. 

3,442,686 patent are about 0.2 cc/IOOinch^ / the degree of schedule, and the water vapor 

transmission rate characteristics are about 0.2g/100inch^ / the degree of schedule. Although 
the film for a package illustrated by the above-mentioned No. 4,702,963 patent has a little 
good barrier characteristic, the oxygen permeation rate characteristics are about 0.17 

cc/1 OOinch / the degree of schedule, and the water vapor transmission rate characteristics are 

about 0.07g/1 OOinch^ / the degree of schedule. Although many application exists in the 
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foodstuffs, the drink, and medical science to which the material packed deteriorates very easily 
by oxygen, these values are still higher than being wished. Of course, although it is possible to 
improve the barrier characteristic further by [ different both or either one of ] addition of the 
layer of material and aluminum treatment, the possibility of recycling will be spoiled from being 
accompanied by toxicity, and expense starting. 

[Means for Solving the Problem]The purpose of this invention is for adhesive strength to 
deposit a hard large silicon oxide group thin film so that reappearance is possible, as the gas 
barrier characteristic which is a realizable speed commercially and was preferably chosen 
beforehand on a small or large substrate is presented. A method of depositing an adhesive 
silicon oxide group thin film as 1st page of this invention is provided with the following, 
few a stage of preparing a gas stream which has three ingredients. 
A stage of establishing glow discharge plasma derived to the interior of a room which stores a 
flexible substrate positioned so that it can remove in plasma, and which was exhausted 
beforehand from one of a gas stream or ingredients. 

They are predetermined thickness and the stage of making a layer of silicon oxide of about 
1000 A or less depositing on a substrate preferably, controlling a gas stream which positions a 
substrate in plasma and is passed In plasma. 

A pressure is maintained to about 0.1 torr or less during a deposit. A gas stream contains 
inactive gas like an organic silicon compound which volatilized, oxygen and helium, or argon. A 
gas stream volatilizes organic silicon outside of a room, and it is passed, controlling into 
plasma by mixing the quantity, oxygen, and inactive gas which were measured. As for a flow of 
gas into plasma, it is preferred to control "If quantity of an ingredient within a gas stream under 
deposit is adjusted, be alike", supervising a value of hydrogen (alpha) to electron temperature 
within an inactive gas luminescent line (discharge line) and plasma. Flow control also includes 
depositing a silicon oxide layer which has predetermined thickness. To application which has 
the good gas pemrieation barrier characteristic and which desires an inertness thin film 
substantially, a thin film of this invention can be deposited so that it may be controllable on 
large or small various substrates. The gas permeation characteristic is a function of thickness 
of a thin film, and it turned out that the optimal range which gives the highest barrier 
characteristic exists in a surprising thing, and the desirable barrier characteristic is not 
obtained whether the outside of this optimal range, i.e., a thin film, is thicker than this range or 
it is thin. This invention is characterized by an article which is another field comprising the 
following. 

A flexible polymer substrate which limits a certain surface. 
A thin film currently supported by this surface. 

A polymer surface and a thin film become together and oxygen gas transmissivity of about 0.1 
cc/IOOinch^ / Japanese less or equal is presented, About 1000 A or less of thickness of a thin 
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film is about 600 A or less more preferably, and if about 100 thru/or most desirable about 400 
A are used, oxygen permeability of the surface which carried out the tunic will become about 

0.04 cc/100inch^ / Japanese less or equal. It is the inertness which has a steam and the gas 
barrier characteristic of having excelled in a blood serum in medical application and a blood 
bag, and oxygen like a very sharp package of foodstuffs, and this article is useful when it 
needs a flexible package. 

[Example]This invention is hard, there is an adhesive property, and the method of depositing 
the silicon oxide group thin film which has the gas barrier characteristic of being minerals 
substantially and having excelled is provided. When such a thin film was deposited on various 
substrates (it is flexible and strong) by this invention, in the case of the substrate flexible to a 
desirable thing, the thickness of the thin film was about 1000 A or less. Generally "the flexible 
substrate" refers to the substrate below about 10-mil thickness. Although the very thin thin film 
can present the good steamy barrier characteristic and can obtain a thick thin film, its thick thin 
film is not usually desirable to the steamy barrier application on a flexible substrate.The flexible 
substrate by which a tunic is carried out will change with this inventions depending on desired 
application. For example, the tunic of the useful various flexible plastics can be carried out to 
food packing like polyethylene terephthalate (PET) or polycarbonate (PC) resin by this 
invention, and osmosis of oxygen, carbon dioxide, or moisture can be prevented. Although the 
thickness of a flexible substrate is to about 10 mils, the thickness of these substrates in food 
packing application is usually about 0.5-1 mil. Although the material of the beginning of a 
process is organic silicon, thin films are minerals substantially so that clearly from joint 
analysis. However, supposing it wishes so that it may mention later, the thin film of the 
character of silicon can be prepared. The inorganic silicon oxide group thin film is 
characterized by the typical thing to deposit by this invention and which is advanced cross 
linkage (a Fourier-transform-infrared-spectroscopy machine, i.e., FTIR, determines) 
substantially. In the interior of a room exhausted beforehand, the method of this invention is 
carried out by glow discharge from the gas stream containing at least three ingredients, i.e., 
the organic silicon component which volatilized, an oxygen component, and an inactive gas 
ingredient. It understood that the combination of the oxygen component and inactive gas 
ingredient which have the organic silicon component which volatilized makes the hardness 
characteristic of a thin film increase remarkably. By measurement by ASTM D3363-74 
(standard testing method of hardness of thin film) pencil examination, it passes over the 
hardness of the thin film made using the organic silicon combined only with inactive gas like 
the organic silicon combined only with oxygen, helium, or argon only to 2 or 3. On the other 
hand, the hardness by the same examination of the thin film made by this invention is about 7 
thru/or about 9+. When these figures are damaged according to a graduation **** cage and 
ASTM D3363-74 to 0 thru/or 10, 0 means the minimum scratch resistance and it means that 
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10 does not have any damage in a tunic, either. Therefore, the thin film by this Invention will 
have typically one 2 thru/or 3 times the hardness of this to the thin film which deposited the 
organic silicon component which was combined with any of oxygen or inactive gas they are. 
and which volatilized. The suitable organic silicon compound for a gas stream is a fluid at 
ambient air temperature mostly. 

When it volatilizes, the boiling point is higher than ambient air temperature. 
In these, methylsilane. dimethylsilane, phenylsilane, a hexamethyl disilane, 1, 1, 2, 2 
tetramethyl disilane, bis(trimethylsilyl)methane, Bis(dimethylsilyl)methane, hexamethyl 
JISHIRU oxane, vinyltrimetoxysilane, divinyl tetramethyl JISHIRU oxane, divinyl hexamethyl 
Trysil oxane, and TORIBI nil pentamethyl Trysil oxane are contained. Organic desirable silicon 
is 1, 1, 3, 3 tetramethyl JISHIRU oxane, methyl trimetoxysilane, vinyltrimetoxysilane, and 
hexamethyldisllazane. The boiling points of these desirable organic silicon compounds are 
101degreeC, 55.5degreeC, 102degreeC, 123degreeC, and 127degreeC, respectively. Before 
slushing the organic silicon component which volatilized into the interior of a room, mixing with 
an oxygen component and inerts is preferred. The quantity of the gas mixed in this way is 
controlled by a flow control device, in order to control to be able to adjust the flow rate of a gas 
stream ingredient. The organic silicon compound and oxygen of a gas stream under deposit 
can set flow rate to about 1 .7:1 , for example, and the inactive gas within a gas stream is 
helium or argon preferably. 
It is helium more preferably. 

When inactive gas is helium, organic silicon, oxygen, and the suitable flow rate of inactive gas 
are about 1 :0.6; 1 .2. However, if wished, even if it is other flow rate, it will not interfere. The 
additional gaseous compound beyond a little 1 (it is not more than about 1:1 receiving organic 
silicon more preferably to organic silicon about 0.4 thru/or 0.1 1 :1) or it other than organic 
silicon required for a gas stream, oxygen, and inactive gas may be included, and the desirable 
characteristic may be obtained especially. For example, when low hydrocarbon like propylene 
is included, many characteristics (except for a light transmittance state) often required of the 
depositing thin film are improved, and according to joint analysis, it is shown that a thin film is 
diacid-ized silicon intrinsically. However, use of methane or acetylene will obtain the thin film 
which is silicon intrinsically. If a small amount of gaseous nitrogen is included in a gas stream, 
a penetration and reflection property of the light on the increase of deposit speed and glass will 
be improved, and a refractive index will change in connection with the quantity of If nitrous 

oxide is added to a gas stream, the increase of deposit speed and the optical characteristic will 
improve, but the tendency for the hardness of a thin film to fall is shown. Especially a desirable 
gas stream presentation has the organic silicon of 20 thru/or 40SCCM, O2 of 20 thru/or 

40SCCM, helium of 40 thru/or 60SCCM, propylene of 1 thru/or 10SCCM, and N2 of 5 thru/or 
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20SCCM. When enforcing the method of this invention, the interior of a room exhausted 
beforehand is made to establish glow discharge plasma. This plasma is derived from 1 or the 
gas stream ingredient beyond it, and Is more preferably derived from the gas stream itself, a 
desired substrate is obtained and positioned near the plasma preferably shut up in plasma, 
and it passes in plasma, controlling a gas stream. Cover sufficient number of times and a 
substrate is brought close to plasma near the shut-up plasma so that desired thin film 
thickness may be obtained, or it is made to have been kept away enough. As for the method of 
this invention, it is preferred to carry out with low pressure extremely with high power 
comparatively. That is, although almost all thin films were created by about 1000 WATSU ** 
(40 kHz), for example, a certain thing is 375 W (13.56 MHz), and a certain thing was created 
by 300 W of direct current. Maintaining the pressure to about 100 microns (0.1 torr) during the 
deposit, the room pressure under thin film deposit shall be about 8 thru/or 40 microns 
preferably. It insulates from a device electrically (except for "electrical" contact when it is in 
plasma), and a substrate is the temperature below about 80 degreeC during a deposit. That is, 
it does not carry out heating a substrate intentionally. Although control of a flow changes with 
desired thin film characteristics, it is desirable to supervise the ratio of hydrogen (alpha) to the 
electron temperature within an inactive gas luminescent line and plasma. The outline of 
vacuum devices in which this invention can be carried out, and a desirable diagnosing method 
are explained below. 

The substrate 13 is arranged, in order that plasma may be fomried in this interior of a room and 
the device which shows an outline in the schematic diagram 1 of a device may deposit the thin 
film of material on a substrate [ moreover ] including the closed reaction chamber 1 1 . The 
substrate 13 is the material which can be borne at a vacuum like the material of metal, glass, a 
plastic, and others by which a tunic is carried out. 1 or the gas beyond it is supplied to a 
reaction chamber with the gas supply device 15. An electric field is generated according to the 
power supply 17, and low pressure is maintained with the pressure controller 19. A total of 21 
is connected to the light emission spectroscopic-analysis reaction chamber 1 1 through the 
optical fiber optical transmission medium 23 by a suitable technique which plasma is visible 
and combines near-visible (especially ultraviolet range) discharge. The window 24 of quartz is 
formed in the side attachment wall of a reaction chamber, and plasma ejection is used for 
combining with an external optical medium. The device control unit 25 containing a computer 
control portion receives status information from a device, and it is connected to each of other 
ingredient of a device so that control instruction may be transmitted to a device. In the device 
of drawing 1 , the reaction chamber 1 1 is a suitable mold to carry out any of plasma 
strengthening type chemical vacuum deposition (PECVD) or a plasma polymer-ized process 
they are. Based on drawing 2 , the example of PECVD or a plasma polymer-ized process 
explains the ingredient of some of the device of drawing 1 t o details more. The reaction 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2 12/10/2008 



JP,06-108255,A PETAILED DESCRIPTION] 



Page 7 of 17 



chamber 11 is divided into the load-locks division 27 and the process division 29 by the 
separating gate valve 31. The pressure controller 19 contains the mechanical pump 33 which 
leads to the load lock chamber 27 by the valve 35. A pressure controller also contains the 
diffusion pumps 37 and 39 and the attached mechanical pump 41. The diffusion pump 37 
leads to the load-locks division 27 through the separating gate valve 43 and the baffle 45 
which can be adjusted. Similarly, the diffusion pump 39 leads to the process chamber 29 
through the separating gate valve 47 and the baffle 49 which can be adjusted. The baffle 49 is 
controlled by the device control unit 25, in order to maintain internal pressure to a desired 
value while the tunic process is carried out. After the substrate by which a tunic is carried out 
closes the valve 31 first, it is loaded in the load-locks division 27. Next, the mechanical pump 
33 decompresses to the pressure almost near a high vacuum region. The stage diffusion pump 

37 operates, a pressure is lowered further, and it is made an abbreviation 5x10" torr. The 
working pressure in the case of PECVD or a plasma polymer-ized process is near 30 micron 
typically. 

This makes process gas flow into a reaction chamber, and is attained by extracting the 
diffusion pump 39 using the baffle 49. 

The diffusion pump 39 maintains the deposit division 29, i.e., a process division, to working 
pressure among loading and unloading. After decompressing the load-locks division 27 to a 
base pressure, the valve 31 is opened and it is made to move into the substrate 13 . 
WOPUROSESU division 29. A means to make the substrate 13 exercise forward and 
backward through the field 51 in which plasma is formed is formed. In the illustration device 
under explanation, two or more rollers 53 made from aluminum which have O ring spacer 
which insulates electrically and hold a substrate attain this. Such rollers or similar materials are 
driven by the source of an electric motor (not shown), and since those axes are rotated at the 
speed controlled as a center, a substrate is made moved. In order to make the thin film of 
desired uniform thickness form during a deposit and on the substrate 13, the substrate 13 can 
be passed forward and backward through the plasma 51 over multiple times. As substitution, 
the tunic of thickness reproducible by one passage can be more preferably obtained using a 
roll tunic device. The magnetron which consists of the magnetic structure 55 and the negative 
pole 57 is positioned in the division 29. The output of the power supply 17 is connected 
between the negative pole 57 and the metal main parts of the reaction chamber 11. A 
magnetron will make the combination of the magnetic field for generating plasma in the field 
51 , and an electric field, if suitable gas is introduced in the process division 29. It is insulated 
electrically and the substrate 13 passes through the plasma region 51 directly. A gaseous 
component required for making plasma form in the field 51 is introduced in the deposit room 
(correctly process division) 29 with the lead pipe 59. The pipe (not shown) which has two or 
more gas supply nozzles crosses the width (direction included in the space of drawing 2 ) of ** 
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29 to a longitudinal direction, and is positioned. By drawing 2 , the dashed line has shown the 
gas stream into which a feed pipe to the diffusion pump 39 flows through the inside of the 
deposit room 29. When gas was introduced into the direction side near the pump 39 of the 
plasma region 51 , it was understood that it is desirable. However, introduction of gas may be 
equilibrated to a pump using the one or more diffusion pumps 39. It can give that one pair of 
baffles 61 and 63 of the both sides of a magnetron shut up a gas stream in the plasma region 
51 . Of course, it depends on the character of mixing much gas however and these gases for 
the number of the specific gas supply devices 15 connected to the lead pipe 59. In the 
example of drawing 2 , although the sources 65 and 67 of two separated high-pressure gas are 
used, in other processes, lessening the number of these gas sources, or adding does not 
interfere. The source 69 of the liquid material made to evaporate is formed in this specific 
example. The vaporizer 71 (this also controls a flow) supplies the vapor stream of the request 
to the input lead pipe 59 according to the control signal from the device control unit 25. 
Similarly, the high pressure gas 65 and 67 is fed through the flow instruments 73 and 75 
currently controlled individually, respectively. It is the plasma 51, therefore important control of 
the thin film which deposits on the substrate 13 is given with the capability to adjust the 
characteristic of each gas constituents which flow into the deposit room 29 through the lead 
pipe 59. The flow instruments 73 and 75 and the vaporizer 71 supply the electrical signal 
proportional to the flow of the gas passed, respectively to the device control unit 25, and 
answer the signal from the device control unit 25, and adjust and control a flow, 
plasma diagnostics and control - the key objective of the device explained in this section and 
a procedure is making the device explained about drawing 1 and drawing 2 suit, in order 
[ which is produced so that the thin film which has the uniform characteristic can be 
reproduced ] to use it in a feasible process commercially continuously. The specific example of 
such a device is explained based on drawing 3 thru/or drawing 9 . In this example, the fluid 69 
is organic silicon and the pressurized gas 65 and 67 is oxygen and helium, respectively. 
Organic silicon selected as an example is hexamethyl JISHIRU oxane (HMDSO), and shows 
drawing 4 (A) the structure. The thin film manufactured by this illustration PECVD process is 
very hard, has scratch-proof nature, and is optically clear, and is well pasted up to a substrate. 
The diagnosis and control which are explained about a specific example below are widely and 
generally applied to the start gas material in other specific plasma processes and thin film 
deposit processes. Drawing 3 is an example of the optical emission spectrum obtained from 
the plasma formed within the process chamber 29 of the combination of the gas mentioned 
above by spectroscopic analysis 21 [ a total of] of drawing 1 . Three measured strong 
luminescent line intensity is used for diagnosing the characteristic of plasma, and it is used in 
order to adjust the relative rate of a gaseous presentation required to maintain plasma 
subsequently to a desired state. These lines are the hydrogen alpha line 81 with a wavelength 
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of about 657.1 nm, a hydrogen beta line with a wavelength of about 486.1 nm, and the helium 
luminescent line 85 with a wavelength of about 501 .8 nm. Since these three discharge peaks 
are very strong to the intensity of the surrounding portion of a spectrum and are very narrow, 
spectroscopic-analysis a total of 21 resolution ability should just be 1 nm, and this is contained 
in the range of the resolution of a commercial meter enough. [ of bandwidth ] In order to 
eliminate the effect of a strange variable and unnecessary optical signal noise, diagnosis of 
plasma and control of a process are performed using the ratio of these intensity levels. The 
flow of the silicon source material steam which passes along the vaporizer 71 using the ratio of 
the intensity of the hydrogen alpha line 81 and the intensity of the helium line 85 is controlled 
by this example. The computer control system 25 makes the flow of a silicon material steam 
fall, if this ratio exceeds a reference value, without influencing the vaporizer 71 at the flow of 
other gas. If this ratio becomes lower than a reference value, the vaporizer 71 opens and the 
flow of a silicon source material steam is made to increase. The 2nd ratio used is a ratio of the 
intensity of two luminescent lines, the single atom within plasma, or molecular species. In this 
specific example, the intensity of the hydrogen alpha line 81 and the intensity of the hydrogen 
beta line 83 are used. This ratio is proportional to the average electronic energy (average 
electron temperature T ) of plasma so that it may mention later The computer control system 

25 makes the flow of oxygen increase to the flow instrument 73, if T calculated from this ratio 

or it exceeds a reference value, without affecting the flow of a silicon source steam or helium. 
The flow of oxygen is made to decrease when T calculated from an intensity ratio or it 

6 

becomes lower than a reference value. If the rate of oxygen becomes high, it will be 
considered by combination with atomic hydrogen which is the main electron source of this 
gaseous mixture for average electronic energy to become low. The character of illustration 
plasma is examined here and the relation of a luminescent line intensity ratio is explained. 
Drawing 4 (A) shows the molecule of a silicon source steam. It is desirable to deposit partial 
Si-O-Si on a substrate. As shown in drawing 4 (A), the binding energy of a silicon atom and an 
oxygen atom is farther [ than combination of everything but this intramolecular ] high. This 
bond strength is 8.31 eV. The combination between a silicon atom and methyl group CHg is 

4,53 eV. Drawing 4 (B) shows the methyl group which has carbon/hydrogen bond 3,51 -eV. 
Therefore, within the plasma over which the high energy electron which collides with a silicon 
source molecule is distributed, the probability of making a methyl group or hydrogen crushing 
from the emainder of a molecule, without the collision with an electron and a molecule affecting 
a Si-O-Si component is high. The oxygen introduced in plasma is combined with hydrogen and 
carbon, and forms various gas and vapor components, and it is thought that these are 
discharged from the process chamber 29 through the diffusion pump 39. This is another 
benefit of the oxygen component of plasma gas. It is desirable to make carbon into the 
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minimum from the depositing thin film In this example, or to eliminate thoroughly. A minerals 
thin film is the goal. The theoretical Maxwell distribution of the energy of the parent population 
of the electron within plasma is shown in drawing 5 . The solid line curve 87 shows such one 
distribution. The electronic parent population to whom It is expressed by the curve 87 has 
average energy T . When electronic parent population has higher energy, as the dashed line 

89 shows, energy distribution moves, but fundamental shape is maintained, similarly, if 

electronic parent population's total energy falls, the broken chain line 91 shows - as - It 

moves from a curve to a low position. It turns out that it is a far larger place than the density of 

the electron which has energy large enough that the density of the electron which has 

sufficient energy for the suitable position of drawing 5 to an electronic-energy-distribution curve 

to break Si-C combination breaks Si-0 combination desirably. If it considers that the electron 

density graduation of a vertical axis is a logarithmic scale from the shape of the curve of 

drawing 5 , it turns out that such a part actually exists. In this example with desirable T being 

e 

over 1 .0 a little, it actually turned out that the distribution expressed by the solid line 87 is 
almost the optimal. Please note that three luminescent lines explained by drawing 3 are also 
shown in drawing 5 . The hydrogen alpha line 93 is located in about 12 eV, and the hydrogen 
beta line 95 is located in about 12.7 eV. and the helium line 97 is located in about 23 eV. 
Hydrogen or a helium atom expresses the energy which must be absorbed by the collision with 
a free electron to such energies emitting radiation of the wavelength currently supervised when 
an atom eases from the excitation state. Drawing 6 is an energy diagram of the hydrogen atom 
in which this is shown. The collision with an electron of 12.07 eV or more begins to excite the 
atom, and moves the electron from the ground energy-quantum level n= 0 even to the higher 
energy-quantum level n= 3. If this excited electron moves to the energy-quantum level n= 2 
low next, a hydrogen alpha-waves length linear-light child will be emitted. If it collides with the 
electron of the energy in which similarly the excited hydrogen atom is larger than 12.73 eV, it 
will be eased from that excited state n=4 energy-quantum level, and will return to an n=2 
energy-quantum level, and a ******-TA wavelength linear-light child will be emitted at this time. 
As a result, the intensity of these hydrogen luminescent lines is proportional to the density of 
the electron within the plasma which has these energy levels. Therefore, the intensity ratio of 
these hydrogen luminescent lines expresses the ratio of such densities. Since this closes a 
maxwell electron density curve if it can be effectually suited in these two points, it can 
determine average electron temperature T after this. However, it dissociates desirably and the 

"tail" of the high energy of the electronic energy curve of drawing 5 is measured. Since the 
electron density expressed by the curve is in the energy level in the principal piece of an 
energy distribution curve, the hydrogen line intensity ratio is suitable for limiting the curved 
emainder. However, the density distribution in a high energy level can fall even to a 
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simultaneous very low level. This is considered to be based on an invalid energy combination. 
Therefore, separated measurement in a high energy level is also carried out. In this example, a 
helium luminescent line is chosen and the ratio of one hydrogen line which this considers as 
reference which it is with a hydrogen alpha line preferably is taken. This desirable ratio is 
determined in advance of a deposit process, and the measured ratio is compared with this 
standard and performs required adjustment in real time. Since it is known that this will improve 
the hardness of the thin film which deposits by advanced thin film cross linkage, when carrying 
out the direct collision of the quantity of the high energy electron expressed by the "tail" of the 
curve of drawing 5 o n a substrate, it Is generally desirable. The stress in a thin film also 
decreases and, as a result, adhesion to the substrate of a thin film becomes good. The thing 
with a low ratio of hydrogen alpha line intensity to that [ helium line ] within plasma predicts 
these desirable results. It is advantageous from helium being inertness to use a helium 
luminescent line in forming this 2nd ratio. This gas is not combined with other gas constituents 
of plasma. Every inactive gas has this profitableness and presents a luminescent line in a 
curved "tail" portion. In this example, inactive gas is used in order to promote an initial electron 
source, when plasma ignites mainly by establishment of an electric field. However, inactive gas 
is used also for this additional diagnosis. Determination of that it is necessary to change the 
electronic-energy-distribution curve of drawing 5 f rom the measured intensity and a ratio for 
the process carried out will carry it out by many methods. If the excitation frequency of the 
power supply 17 is made to increase and it goes, electronic average energy will increase to the 
point it becomes impossible to follow in footsteps of the electric field from which an electron 
changes quickly at least. If the electric power of the power supply 17 affects electronic energy 
distribution depending on the precise geometry of a deposit room and makes electric power 
increase, electronic energy will increase it. Another variable which can be adjusted is a sum 
total gas stream to which change the holding time of the molecule within plasma, and the 
opportunity of a collision is made to increase. The pressure in the division 29 also influences 
molecular energy in a certain within the limits. However, the art used in this specific example 
maintains these variables at a constant level, and is changing the flow of each gas into the 
reaction division 29 instead. It is very important to determine average electron temperature T 

from the ratio of alpha and beta hydrogen luminescent line intensity. It is very difficult although 
not impossible [ determining the electron temperature of plasma from the emission spectrum is 
also advocated, and ]. The mathematical relationship between electron temperature and the 
intensity of a specific luminescent line was known from before. However, such mathematical 
relationship also contains the molecule within plasma, and an additional unknown like electron 
density. Thus, if many unknowns are included, it is impossible to determine electron 
temperature correctly directly from the intensity of a luminescent line using these formulas, 
however - if the ratio of the intensity of two luminescent lines from the single kind within 
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plasma is taken (the ratio of the alpha rays of hydrogen and a **-TA line is tal^en ~ as) - these 
~ others ~ a variable is eliminated mathematically and it stops influencing a result This 
calculation assumes "cold" plasma and average ion energy is very low as compared with 
average electronic energy. Drawing 7 thru/or drawing 9 are the flow charts of the computer 
program for control which adjusts each gaseous component required to supervise the intensity 
of three luminescent lines and maintain within limits which can accept an electron temperature 
profile. The process of drawing 7 t hru/or drawing 9 is described by some functional modules. 
The first module 101 requires the infomriation on both a desired plasma parameter and the 
plasma parameter which actually exists. It is preferred to calculate what subsequently to in 
plasma, exists by inputting request average electron temperature T like a graphic display. It is 

because this can make a process operation member treat a known quantity, however - since 
T is proportional to the ratio of a hydrogen alpha luminescent line and a hydrogen beta 

luminescent line - this ratio - the very thing can be replaced by the place out of which T has 

come more simply in the flow chart of the graphic display. It is just going to be a line strength 
ratio to which a process is adjusted. If T desirable as a parameter with a device is maintained, 

the stage 103 will calculate the quantity. The source code of the Basic language for apple 
Macintosh computers which carries out two calculations shown in the appendix of United 
States patent No. 4,888,199 dated December 19, 1989 at the stage 103 is indicated. If a 
device obtains a actual quantity and a desired quantity, the next module 105 of a processing 
algorithm will investigate the intensity ratio of hydrogen alpha and a helium luminescent line. 
The first stage 107 compares a ratio desired [ a actual ratio to ]. If they are in within the limits, 
the processing stage 105 will be omitted thoroughly and will be jumped to the stage 109 of the 
next module 1 17 of drawing 8 . However, if a desired ratio and a actual ratio are not equal, the 
stage 1 1 1 makes the flow of a silicon source steam adjust so that it may change to the 
vaporizer 71 in the direction which the ratio compared approaches mutually. It is investigated 
whether the stage 113 of the module 105 has the calculated voltage within the limits of the 
vaporizer 71 . If it is in within the limits, processing will progress to the stage 109. If it is no, the 
processing loop of the module 105 will be carried out again. If there is no voltage within the 
limits of the vaporizer 71, processing will stop, and as shown in the stage 115, an error 
message is displayed by the 2nd calculation to an operator. If a silicon source vapor flow rate 
is adjusted, the following treatment module 1 1 7 will answer comparison with desired T and 

actual T , and will adjust the flow of oxygen to plasma. If such quantity is in tolerance level, the 
e 

beginning will carry out the module 101 HERUPU back, and a processing loop will carry out 
data acquisition and a comparison function again, and will follow the emainder of a program. 
Thus, by monitoring the plasma characteristic continuously, plasma can be controlled by real 
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time, and a uniform thin film can be obtained, and the reproducibility of the characteristic of the 
thin film for every substrate becomes good. The program module 117 operates completely like 
the module 105. If it is determined by the stage 119 that there is no newly because of an 
oxygen supply flow instrument calculated voltage within the limits of the flow instrument, 
calculation will be performed once again. If the 2nd times do not have voltage in within the 
limits, processing will stop and an error message will be displayed. However, if new oxygen 
flowmeter valve control voltage shall be within the limits of it, processing will be returned to the 
first module 101. The treatment modules 101, 105, and 117 are repeated until it will be carried 
out a total of 4 times. If the last calculation loop asks an oxygen flowmeter for the further 
adjustment after repeating 4 times, the following module 121 ( drawing 9 ) will be carried out. 
Other regulation must be carried out after repeating a silicon source and oxygen flow rate 
regulation 4 times. Of course, the exact number of the processing cycles allowed before 
progressing to the following calculation module 121 can be changed. Although the module 121 
also investigates T , it is for adjustment of the gaseous helium style to a plasma chamber in 

this case. If inactive gas is made to increase, more electrons will be supplied, and if gas is 
decreased, the number of electronic will also decrease. The stage 123 of the module 121 
investigates the voltage calculated for the amount meter of helium flow similarly in the modules 
105 and 117. If suitable adjustment is performed to helium flow, processing will return to the 
first module 101 again, and will resume a cycle. Of course, many change can be considered 
into the explained details of a process, and it does not change and interfere, without sacrificing 
the strong point acquired by the fundamental luminescent line surveillance art carried out by 
making it such. Such art is used also to other gas. The plasma input variable of the electric 
power of the power supply 17 and the pressure in the division 29 is not contained in the above- 
mentioned algorithm as a quantity adjusted automatically. It is because it turned out that it can 
be satisfied even if it fixes such quantity to a large processing batch at least. This is preferably 
attained by setting the control device 25 as desired electric power and pressure. If it is 
necessary to maintain the set-up constant level, the standard rating capacity which supervises 
and adjusts such quantity is given to the control device 25. 

The magnetron used within the magnetron structure plasma chamber 29 may be the shape of 
the usual planar magnetron, and shows drawing 10 the outline. The magnet structure 55 
shown in drawing 10 (A) is the vertical cross section. This structure is extended in the direction 
vertical to space.The structure of drawing 10 (A) is called a balanced type magnetron. The line 
of magnetic force 131 is running altogether between the outside south pole and a central n 
pole. As everyone knows, an electron and ion run the circumference of a line of magnetic force 
along a line of magnetic force spirally in response to the influence of the combination of the 
magnetic field power and electric field power which are formed with the negative pole and the 
metal vessel of a process chamber. Although the negative pole 57 is generally titanium or a 
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product made from quartz, since the pressure used within the deposit device of drawing 2 is 
high, sputtering is prevented (the pressure of sputtering is 1 thru/or 5 microns). As substitution, 
as shown in drawing 1 1 . a disequilibrium type magnetron can be used for the device of 
drawing 2 . The outside magnets 133 and 135 are combined with the central soft iron magnetic 
core 137. Only the south pole is positioned to negative pole 57', and orientation of the n pole is 
detached and carried out from the negative pole. As a result, most lines of magnetic force run 
the far long course extended in between a south pole field and n pole fields. Only few portions 
of a line of magnetic force are extended in between the S-pole face of the direct outside, and 
central iron core pole pieces. As a result, as for the pattern of a line of magnetic force like the 
line of magnetic force 1 39 of drawing 1 1 . those most become substantial to the surface of the 
substrate 13 vertical toward the substrate 13. It is known that this will improve the 
characteristic of some of the depositing thin film, for example, the hardness. Deposit speed 
was understood that the disequilibrium type magnetron structure of drawing 1 1 is far better 
than the balanced type magnetron structure of drawing 10 . The balanced type magnetron and 
the disequilibrium type magnetron have the relative magnetic-field-strength distribution which 
crosses the negative pole as shown in drawing 10 (B) and drawing 1 1 (B), respectively. As 
shown in drawing 10 (B), the magnetic field strength in a center is twice the magnetic field 
strength of an outside magnetic pole. However, in the case of the disequilibrium type magnet 
of drawing 11 (B), main magnetic field strength is very weak as compared with the magnetic 
field strength of each outside magnetic pole. This difference of the magnetic-field-strength 
distribution which crosses the negative pole brings about distribution which is different in the 
line of magnetic force 1 39. Drawing 10 (A) and the magnetron structure of drawing 1 1 (A) are 
suitable for low frequency wave operation of the power supply 17. The example of frequency is 
40 kHz. However, there is also the strong point acquired from operation on far high frequency 
like several MHz high frequency. The outline of such a high frequency device is shown in 
drawing 12 . A disequilibrium type is preferred, although magnetron 55" may be above- 
mentioned balances or it may be a disequilibrium type. In this case, negative pole 57" is a non- 
conducting product made from the charge of a quartz material. The output of the high 
frequency generator 141 is combined with negative pole 57" with the rod 143. In order to make 
reflection by the impedance discontinuity in negative pole 57" into the minimum, the 
impedance-matching-circuits network 145 is inserted between the high frequency generator 
141 and the rod 143. 

Since the vaporizer desirable although structure this invention of a vaporizer is carried out is 
indicated to United States patent No. 4,847,469 dated July 11, 1989, please refer to it. 
All the deposits illustrated below to an experiment are carried out by the procedure which gives 
outline explanation below using the Airco Solar Productus ILS-1600 research tunic device 
which has a roll-to-roll device and two diffusion pumps. ** containing load locks was exhausted 



http://wvm4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2Fy^ 12/10/2008 



JP,06.108255,A PETAILED DESCRIPTION] 



Page 15 of 17 



to the base pressure which is not larger than an abbreviation 3x10" torr, and has arranged in 
a device the roll which should be carried out a tunic. On the other hand, the vaporizer was 
separated from Takumi until the gas inlet was opened, although it heated to the constant 
temperature of 100 degreeC and organic silicon was evaporated. The vaporizer set reading of 
the flow of organic silicon as the desired value. The flow of the additional ingredient was also 
set as the desired value, and the indoor pressure was adjusted to the desired value by 
adjusting the baffle on a diffusion pump. After stabilizing an indoor pressure, the power supply 
was switched on, it adjusted to the desired value, and glow discharge plasma was made to 
establish indoors by it. The pressure was stabilized again, and when necessary, it adjusted. 
The desired process condition (the electric power of a power supply, current and voltage, the 
pressure of **, a gas stream, and a vaporizer pressure) was chosen. In order to find out a 
suitable hydrogen (alpha) opposite inactive gas ratio, the emission spectrum from a control 
program was used. Helium and the oxygen style to the interior of a room were adjusted until 
the desired hydrogen (alpha) opposite inactive gas ratio was obtained. Subsequently, having 
continued supervising a process condition in accordance with the diagnosing method, and 
performing suitable adjustment, the roll tunic device conveyed the substrate through the 
plasma region, and the tunic of desired thickness was given. After obtaining a desired thin film, 
operation of a device was suspended and the substrate by which the tunic was carried out was 
removed. 

Hereafter, suppose that the following abbreviations are used. 

PET : polyethylene terephthalate TMDSO : 1, 1, 3, 3 tetramethyl JISHIRU oxane SCCM : A 
part for standard legislation cm/ipm : An inch / part Halpha : The example of example of 
hydrogen alpha luminescent line 1. this invention at 657 nm, It was made to form on the PET 
substrate of 0.5-mil thickness. The used organic silicon was TMDSO. Selected process 
condition; 

electric power: - 460 watt-current: - 0.97 voltage: - 467 room pressure: - 37-micron gas 
stream presentation: - TMDS0(15 SCCM);02(45 SCCM);helium (90 SCCM) 

vaporizer pressure: - 200-torr hydrogen (alpha) opposite inactive gas ratio: - 0.58 linear 
velocity: - 18 ipm this - thin, or [ that the thickness of the tunic of the thin film of this 
invention on a flexible plastics base material is thinner than 200 A ] - or it being almost almost 
the same and, The measured oxygen gas transmissivity was slightly lower than about 0.04 

cc/100inch^ / day, and the transmissivity of the steam was about 0.04g/100inch^ / day. The 
0:Si ratio of concentration of the silicon oxide was about 2:1 . [ both or either one of ] FTIR and 
the electron spectroscopy for chemical analysis (ESCA) determined the thickness of a thin film, 
and a presentation. 

example 2. although the gas permeation characteristic of the thin film of this invention on a 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A% 12/10/2008 



JP,06-108255,A [DETAILED DESCRIPTION] 



Page 16 of 17 



flexible substrate is a function of the thickness of a thin film, in order to obtain the good gas 
permeation characteristic by a flexible thin substrate top, a thicker thin film is not required. It 
discovered that the optimal thickness range from which the maximum barrier characteristic is 
obtained existed depending on a substrate. According to this invention, the tunic of the thin film 
of various thickness was earned out on the PET substrate of 0.5-mil thickness, and those 
oxygen permeability was measured. Organic silicon was TMDSO. Although these thin films 
were fomried like Example 1 , deposit time Is controlled in order to obtain different thickness. 
Different thickness and each oxygen penneability are shown In Table 1. 
[Table 1] 

mi 



(A) K^jgii^ ( 0 c/ 1 0 0 i n* /B) 

19 6 9 1.24 

14 0 0 0.19 

1 0 0 0 0.1 2 

4 0 0 0.0 6 

13 3 0.04 

3 3 1.96 

16 4.14 

0 7.00 

From the data of Table 1 , the oxygen permeability of the thin PET film by which a tunic is not 

2 

carried out is 7 cc/100inch / day, and, on the other hand, the tunic (however, thickness is 
slight or it passes over it only to 16 A) by this invention reduces this oxygen permeability about 
40%. However, the best barrier of especially an interesting thing is the fact that coating 
thickness is obtained in 133 and (it is slightly inferior) 400 A, and even a thicker tunic is inferior 
to the tunic of the 133-400-A range in the barrier to an oxygen penetration. This data shows 
that the thin film steamy barrier which has the outstanding gas barrier performance is provided, 
though the tunic of this invention at the time of making it adhere to a flexible material is the 
thickness substantially made thinner than the thickness looked at by the conventional typical 
minerals group tunic. Since these gas barriers can be attained by thin, the amount of 
production processings at the time of carrying out this invention can be raised, and related 
expense can be reduced. Please understand that these change generally according [ although 
the specific example of this invention was described above, the further change is possible, 
and ] to the principle of this invention, application, and use are included in the range of this 
invention. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]A method characterized by comprising the following of making a silicon oxide group 
thin film which has the steamy barrier characteristic deposit. 

A stage of preparing an organic silicon compound which volatilized, oxygen, and a gas stream 
containing inactive gas. 

A stage of establishing glow discharge plasma derived to the interior of a room which stores a 
substrate which can be positioned so that it can remove in plasma, and which was exhausted 
beforehand from a gas stream. 

A stage of making a layer of a silicon oxide which is a resultant of a gas stream while 
controlling a gas stream which positions a substrate in plasma, maintains an indoor pressure 
to about 100 microns or less, and is passed in plasma depositing on a substrate by a 
predetermined thickness of about 1000 A or less. 

[Claim 2]A way according to claim 1 inactive gas within a gas stream contains helium or argon. 

[Claim 3]A way according to claim 1 an organic silicon compound is 1, 1, 3, 3 tetramethyl 
JISHIRU oxane, hexamethyl JISHIRU oxane, vinyl trimethylsilane, methyl trimetoxysilane, 
vinyltrimetoxysilane, or hexamethyldisilazane. 

[Claim 4]A way according to clainri 1 silicon oxides made to deposit are minerals substantially. 
[Claim 5]A way according to claim 1 predetermined thickness is about 600 A or less. 
[Claim 6]A way according to claim 1 oxygen permeability of a silicon oxide layer chooses 

predetermined thickness so that it may become about 0.1 cc/100inch^ / day. 

[Claim 7]A way according to claim 1 predetermined thickness of a silicon oxide layer is about 

100 thru/or about 400 A. 

[Claim 8]A method according to claim 1 that a substrate is flexible. 
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[Claim 9]A way according to claim 8 thickness of a substrate is about 10 mils or less, a layer 
forms a barrier to a penetration of oxygen and the oxygen permeability is about 0.04 

cc/100inch^ / Japanese less or equal. 
[Claim 10]An article comprising: 

A flexible polymer substrate which limits a certain surface. 

It consists of a thin film with a thickness of about 1000 A or less currently supported by this 
surface, a polymer surface and a thin film become together, and it is the oxygen gas 

transmissivity of about 0.1 cc/IOOinch / Japanese less or equal. 

[Claim 1 1]The article according to claim 10 whose thin film is a minerals silicon oxide 
substantially. 

[Claim 12]The article according to claim 10 or 1 1 whose thickness of a thin film is about 600 A 
or less. 

[Claim 13]The article according to claim 1 1 whose transmissivity thickness of a thin film is 

about 100 thru/or about 400 A, and is about 0.04 cc/100inch^ / Japanese less or equal, 
[Claim 14]The article accprding to claim 10 whose thickness of a substrate is about 1 mil or 
less than it. 

[Claim 15]The article according to claim 14 in which a substrate contains polyethylene 
terephthalate or polycarbonate. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1l The schematic diagram of a plasma device useful although this invention is carried 
out. 

[Drawing 2 ]A plasma deposit room and the outline sectional view of a related facility. 
[Drawing 3]T he example of the spectrum of discharge of plasma. 
[Drawing 4] (A), (B), and (C) are the figures showing combination of the ingredient of the 
molecule of the gas used for the example of a plasma strengthening type chemical-vacuum- 
deposition process. 

[Drawing 5] The figure showing the electronic energy distribution within illustration plasma 
[Drawing 6] The example of the energy level of the single kind within plasma. 
[Drawing 7]T he flow chart of the computer program which answers the measured plasma 
spectrum and controls a plasma process input variable. 

[Drawing 8]T he flow chart of the computer program which answers the measured plasma 
spectrum and controls a plasma process input variable. 

[Drawing 9] The flow chart of the computer program which answers the measured plasma 
spectrum and controls a plasma process input variable. 

[Drawing 10] (A) And (B) is a figure showing use of a balanced type magnetron to the device of 
drawing 2 . 

[Drawing 11] (A) And (B) is a figure showing use of a disequilibrium type magnetron to the 
device of drawing 2. 

[Drawing 12] The figure showing another connection method to the magnetron in the device of 
drawing 2 in the case of generating an electric field with a high frequency generator. 
[Description of Notations] 
1 1 Reaction chamber 
13 Substrate 
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15 Gas supply device 

17 Power supply 

19 Pressure controller 

21 Light emission spectroscopic-analysis meter 

23 Optical transmission medium 

25 Device control unit 

27 Load-locks division 

29 Process division 

33 Mechanical pump 

37 Diffusion pump 

39 Diffusion pump 

45. 49, 61, and 63 Baffle 

51 Plasma (generating region) 

53 Roller 

55 Magnetron magnetic structure 

57 Negative pole 

59 Lead pipe 

65, 67 gas sources 

69 Dietary source of liquid 

71 Vaporizer 

73 and 75 Flow instrument 

141 High frequency generator 

145 Impedance-matching-circuits network 
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DRAWINGS 



[Drawing 1] 




[Drawing 5] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 121 
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[Drawing 8] 
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